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1 . 

mmmffr&^wm— (ommz&mBi&zntc^ww-?? 

S§CD3ttttC*H.T^4 5° <*«*LT^S it - 

^^ysWlaiSrft^tft^JWiHiSfft^ttt. nrWcfc 

W 6 nft:* 1 W«» t . • ±ESB 1 ©3tW«»fc» b 
TdLAO^I«IIIcg[Z^TRIt&n^]B2 0jl|e«ttli2:. « 
fcEHWrF ill 2 0ft*ttB&ettttr«lt6-ffi&*> & 

I^B^X * HT U— »f JtSBBi* Uft««H0»f»-? 

MEnTcDIwiUgB^^ffivx^^ffl 



( 2 ) iftlUl^l 1 -3 2 6 6 6 6 

"f£— 7J. ^^^y^ltlHl^T^WVX^tt, ElJffte-? 

Sr^fiET-S— 7j> WE^T©ttEft^»iIII*f*&^*^J5E 
UfcgB»©«fr^M<W©ffl5^»Cfi[ffl-7^^SrfflViTU— 

(WfEftfflwiHFSfft'F t77 7 ?R&®m&=?}i*tem.-? 
*§*Bfc*sv>T. ft«jwniifT^©vxi7tt, msfft^ 

®*inT©3tlftiC*f LTft4 5" t&5<t^i:Stt5 
-75. 7"5*^£B08r»fC!)77i'«, 0»r»fB*« 

SaEftaJdlHlSf*? y ifR&®ffi&?ii&B!$.? 
£©J£lc*5HT«:. *f7r-i'A©37^©4 , 'L^c41 
^3mm©jffiS5-7X^$rS^. ^©WJltC&fflVX^ £ 

t'C^ICM 3 mm©7 'J y h£B#£>JgV 
x i/ \z <k o ftffl J8|bI ffi ft? £ JBsfc-f * <t £ 1> . 
u— tf*t©jtH*#aw:, ^-n^-*n^3S!©«^, f^yif^ 

so 7fcfWi»^©sajg7Jte. 

2f ;HE— H 7 r -f A© 3 T © ^'t^^tc W □ 3 m 

x^-x^jstx ^ u— tf 3t*«ait-r* c t £ 

WE53SS«*Bf)fe£E*©**'t»K:Bf««||BItt«-r*S 
Bt. 

40 I»E53l3S«fc*tUTBiPVX^*fflViTXy^>^|£ 

tfttfcR&lt ixftj««!ig#f*^*»j«-ra- 

7j. WE=iT©|SIi;gC^»c{4ffivXi7*fflViT^--y : 7t 
50 ^ft(C^LV4I*^^ifeSS©*I^T*^-ffi^-ft-r^>T— 



iffixm 15] mi <Dm&&i3 «t uas 2 <D^^sstt> 
ft. 

(C&RVX ? I/— tfttSJHttbfiWJWISHffte? 
L tz o Rffla Ic-ftffl v x # & m V» T U— tf3t £ 

ojiu K-^mm^yyifK^mmm"ir\z^-oi:mt> 

T3-b («&) t4HBiiJ>5i«t). 
WE*«»!ig»r»^ t Zf y y tffcMmm&T £ 

Sfc. zfyyifKkimtfx^m^ms^t, 77^ni; 
[n»#* 17] 75 y ^sj^ia^fft^jgisaBs-ctt, 

<D7'y y 7KH®ffifeT£Bf&?Z>lzmisT\t, JH#;- 

ft. 

x l-omoyyytfRktmifTfcT&mi&is. 2^sw 

[0 0 0 1] 

a«5o»»ti2:<fijffl*n*3tfli!iw* : FfcH-ra«»c!)Tr 

[0 0 0 2] 

^MW-rs«e*g[^CD^«^Ji:UT, Optics Letters V 



( 3 ) #&B-qz 11-326666 

oI21 p336 (1 996)^^,35:^1^^. 0 6 «S^XSRtC*S 
tf^Fig. l*5«tC/F i g. 2 J:0§lfflLfcSJlSaifiI 
W»^©fl»fc#TS;Rlf*-Fe-*<0ft#te (El 6 
(a) ) t, S«WEST*&^©^^ra ("T^ft^x* 

<D&fc(Dftfe. (0 6 (b) ) £^-rfc©T&-5„ H 6 
(a) frZ%W$frfc&6iz<&fe<D®tJi&¥<DmmizZi 

mffim : ?<DMi&o>mm\z£r)m 

*<hgMt;U EJ6 (b) ©J^IC^X^ bJMDmZi 
tf— ^fX^ r-JUBfe^-fb-T*. CI©J:5 

mvmmw-iBity j n>*ttn*. 5 \z. 4$£©&s«-cat 
jgjfi^ itw-omm co =rn^ x atfega pjjtg -c £> a „ 

20 [0 0 0 3] 

[^A^ftti^trsSi] Uteri* Mizfi© 

[0 0 0 4] SCX^ hM^WSi^C. 

v—if%<i>wtm i sm% mm&TMi&mffl 1. 1 t> cx ^ 
30 ^ttt»Lv». 0»f» : f : fts*<-rn««»*«i<-rs 

fc3te(±, i/^>y Hl*l*eiKl-rac4:>braHtS:*. Ji(± 

Jc^-Tt D tH bfijffl-r a lc«, ^MStcj^ bTX^i? 
H;HBo«Ev»*3t©ft*riE»*. *&iRittJ:<womr ! 65> - 

40 ^^pj^^^^i^^o ®.-?T. Z\CD£? 

izm®.&fcz<?>tit.st ; £—\ t &mz&2>nM%&mm-tz> 

[0 0 0 5] ^±©^-5^, m&&ffi<D&mMMffi&? 
[0 0 0 6] *3fiWtt*^*ffi*©5f;ft'&fc:«*T/«c* 

so «$gesi©ii3B*5<t^, *<Drzv><Dytmwm?<Dftkm\z 



[0 0 0 7] 

[0008] ^r^/t^s^Sfceifrrattw:. 37t 
tzmnaffimifimxte&zx.. -tojsjiBAa*. #©j:3& 

*n-tn©t- FOGiBHBc (0... 0., (n) ) Ml? 
: /3,.-|3 cl 1 (n) =2 tc/A 
cTj/7 5«/ H*— F^SfrT-S. £ 7 •> Ft— F^fTb 
WaMMtt-Htft*. «:6A©7t©£«J£fc/3«. 
0 = 2 7t n. ( t / A 

n e , -n t , (p) = A/A (p) 
[0 0 0 9] MtC^bfcH6H. Z.omfrt>$<tbrc.WlM 
£-5. #j!n, ^^>y F^E- F^©^fTS«37©H*f^ 

ss> ^M^i5tn7 <Dmmmmtm tao &%imm 

<fc < T-5 tztb ©^JfS:te^T©ii <0 Tag. -5. 
[0 0 10] 3R»«©jft*aKtt*J*fc-a-*fca&o^5 

tt, Z.<D£.?t£7 ; 7yif&.kimffite?t4 5" m^©s 



( 4 ) 1 1 - 3 2 6 6 6 6- 

3« 

[0 0 1 1] S«^lHl^^tCcfc^*W^-F© 
^©^JfcTfcL -^©te^^g^i:^ F;HH#« 
10 /£<, tT— ^T©^lttfi;#4>&<&;5— tT— ^fl-jfi 

8*X^ h;U35«j£<Ji ^:ntcJ;t)*SSfiP^7T 

[0012] £e>ic ^is©^®.©0 2T-*-r<i;3tc. 
*3t»c«»*n*. 45 0 mm<v 

30 2 — IHS69tC3t«*t*MbTb 

^McDMm<Dm3\Z7xT£?\z. tf-^fcSM 

[0 0 13] &Lk©J;3t;:, #f£|lilC«k5li^lSI#Tt&^ 

tc<fco, swaiiajffft^tctsifew^-FSjftkiH-rs 

u/i7X, y*'? y & Z.$$£ZfiT F. F a y ^^tlelSS W^'tt 
[0 0 14] 

[^^©ms©^<i] 1 \zK,m.v>ftw 

&ftTZ>£?\ZVtz.b<DT°$>K). &mtt\z£.z>±®m 

\z ct ^, /jx^-fb **^-r * t v> 3 s *rr s . 

[0 0 15] *»WO«*5i2KE«038Wtt. ffj^JS 

50 laeftottfHflsR^fcfcvvr, it-&iHi»f*&-?©7*7->y 



( 5 



\£\ffT&T<Dmjj<Dmm&. ^±\zm^t>^^mmmz 
[0016] *5SM©a»*5i3fcE*«)»^tt. m#m 

[0 0 17] *»HJ©»5f<JS4lCie«©»B^«, gjt^jg 

1 7is 3 o^TnMz&ftaytMwm^iz&^-c, sra 
HL^rfijOT & ! jtipH4at» ens t v> ? v^m -s. 

[0 0 18] *3BEWOil*«5fclBtt©«Wtt, fjtjfcJl 
17554©^m*»fcE«03ttt»*^fc*HT. ^7 20 

T*£f;:L£:t>©T<&*„ 
[0 0 19] *»W©il*B6k:lS«©»W»4, ffsfcJg 

< t*%mm?<D-m<m&<D&temiBitfT&?<DWi8iz 
[0020] *^<o»^7tigi©^8q(i, m^m 30 

7j f6] »C JtfrT £ ?t fc xtft £ v» -5 fpffl * ft? -5 ; 
[0 0 2 1] *»W©B»*«8fc8E*©«WI4. »*S 

#r te^ Sr*-f -5 «t -5 fc L fc ©T* -5 . 
[0 0 2 2] 9 KE*©«^tt, %MW 

it -5. 

[0 0 2 3] *%BJ©»*^ 1 0 KB«©»93tt. ftm 50 



> 1-326666 
WSS^£. ->>^^-H^^A'©3T©gl5^(c^S 

Pgi:. mSf*&^^J*gCiJ-©i7 7y K©^B©^RttgR$ 

MllC*#LTil&4 5* t^t-5J;3fCggS-r^-^, 

yMW@»T*&^©-77.^«. mft&^wifi^T <r>%mz 

^n-€r*n^a$©«-&, y^y^R^mm^R. 
oo%, *««iiasf» : FK:«tais»aife*tiKi 

3 0 Lfcfc©T-a5 9, ^ST? it J;?.* 

$ae^ji*$8e^©*a*3J:t>*. /M^t^n^-r^ 
awasTsfMi j.o mm\zmm-r * t v» 5 ftua 

[0024] ^amoii&H 1 i izmffi.v>mM\z, » 

y K©«®©*RSgU^^SMT-n-h T^g: 

^tt, ESf^®^3 7©^W(C*fLT*tl4 5° 

«, l3»T*&^®7)iziy©^tt(c*fLT*tJ9 0° ife^J; 

4 , 'C^ciH*5 3 mm©jgiJ^X i7 <£rff ^, -?-©M#]tceffi 
L/^-5^t, 4 ) 'C>gP^t^Pil'I*tl3mm©7.'J;y h^g 

#fg0j?©fit#iic i 2tcfB®©%Bjtt > w^i item© 
[0025] icis^T, &mmmffi& z i L <DMi&mvgx- 

> 7 > h* 7; ^-x i7 i^x u— rfyt&msf-? 

•5J;5{cbfc ! fe©T^-5„ 
[0 0 2 6] *%B^©rt^]g l 3 {CfSm©»B^«. 5 ^ 



2 <DmWL&£Mi&-?Z>mpgt^ Mi 1 cd 

1 *S5i£8tR,4i. ;->• fcb A 



( 6 > 1-3266 6 6 



:S&,hSg2cD3S 



[0027] *&w<Dm$tmi 4 fcjattojgwtt, »*■ 

[0 0 2 8] *%HJC9»*^1 5 K13tt©»9itt. jjfjfc 
»»*5±tf* 2 X.y?->l/<Dftt) D tC % U 

[0 0 2 9] *^HJcOf»*3Sl 6-fcE*eo58Wtt. » 

y^sjiaitufiHflBiiisftt^fejgris'-r*— sr. msa 

tit?ffiW^T<DytmzMlsTl®4 5' hfc.2>£?\zm7£ 30 
E*<n7CD3ttt»c^bT*?)9 0° £fc*«fc-5fc:U * 

fevmt) % w oj & *^-r s «t ? t u 

[0 0 3 0] *58^©W*3B1 7fcS3«©fg^tt, 
m 1 6 8Btt03tt«WWsR^ ©«ia*j*fc*lr»T. ^7 y if 

WffifetDmmco^jj&to&T l^mcozf^'yiffcteiBiffi 40 

[0 0 3 1 ] *%B^c7)»*3S 1 8 fcfE«©«9itt. ffi# 

m 1 6 ftmvxmwmTv&mumzr? y ?&.M®ffi& 

TJBJfcRBTtt. &&(Dy-yy>/K&i®ffite?$:mi&m 

m<Dmt>&imz.T nicy? yifK^mm^^mis. 



[0 0 3 2] ETF. *«9J©5ftSS©»tt*»f*©Hffi& 

[0 0 3 3], (mmw&m 1 ) *mw<DmionmcoM 

•BSHlCiDRWt*. El 1 «#§g0J!cDjfl 1 CDUM© 

SnjWteftWjtmi, y^t-K^T-fA* (SM 
F) On 7 1 Sffi^fc^y^SWlHHffi&^l 1 tgj^ 

[0 0 3 4] 131 tciJl^T. «F# 1 y ^SWllSf 

i*5<fc^fija»iHi»ft&^i 2fc±oi)i!csnfctt 

^•UlSftS^, 1 8 it^>{f)U : E— K7r-f a* (c«tt3«ifig 
Sn. JtW«BSS»j«-rstt'bK:tt^|Hi»r»^ 1 
*^fc*3 7. 1 7IJ37 1 8i«iBffk:RtJ6nfc 
?77>, 1 3 7 y 1« 1 7 OSI©f IS 3- h 

3718t, ?77 Kl 7i, ifeSIMl 3 tfdctOTt^J 
»lf«lTH5. I31^*3V»T, ff 15 

«?t«iJiap^fci6ittTflgit$nsASt^*^b, £fci 

6 tt3fc#J»*^lc Attentate 1 5 ^g-^lHl^tS^ 1 <D 

yifS.m®m^ 1 1 <hfijg»M#Tt&^ 1 2(137 18 
rto[^-©«g«tc^-S:^fie$tiTlt-&|5iSf^i 

^-h^r-TA^i (A&fftl SOASt^t^-T 
K*fLTS«nr**J&«. &ffiM®ffi&T 1 2 cOfe 
->>^;^-K7W A©7fcfflfc*fbT4 5° 

[0 0 3 5] **ifeCD^fStC«-5)t4!lW^0!Jf^ffi!^J« 

7r-fA*i:l,Tli, E*15 0kg/cm' 
2MW^MUAc ! bC75$fflV^ 1 , 37 1 8©g|$#£ 

BfJ60H«J-^a#r**wrsfc». ftfllflBigSf^ 1 2 

p&m^T. i+v7i/- tfjt*«astrs. s^sst 

4 5" iJ4*J;"5kiLfc. ^7yyg»@Jr»? 

ll®7X^lt IsIST*&^®^n7CD^tt(c*fUT9 0 
* <t^-5=t3{cUfc. ftWI9EI9f«71 2^TX^co^ 
i(i4 7 5 Mm, -J^y if KStmffife^l lm^XtXD 
fflffl\$0, 5 4 fim^t^tl nm/mm©WAAf 

tf^*S8ifr-5. Ufnt)3mmQ 
PinxU y hSfflVi*. SeoT*&^g«tt>(Cl3mmir 

^7 y >fR%[®m&^- 1 1 1 0 0 % 

{JhH 1 0 0 %(Cafiliili'5S'*T*-5) , S/§$[hJ#t 
1S7-1 2(C e t^>«t«-JR^*t3 0%t^^^friT-5o El 



mi -r*. 

[0 0 3 6] COJ:5£LT{tMHL&tt*ia&rft?l<D 
$M#14ttWT©>I0T&-5. •JJvifBL'kmiSi&f-l 

i&fiK «fc 0 TfrWlTjftT^fftSCjto fc«BfTK«tf -6. 

— 7j. fiw^BiiiSf*^ i 2fc«to, fntii^rtfi: 
fficcD* *5-emmt<tLZ>. sraanaJBTte^ 1 

£<=>tCi7 7-7 h* 1 7©*6f©¥® 

«. ±io° tajfT»5. «±*»s;i©«£iHi»r* : P 

[0 0 3 7] *£lfi<Z>&flg<Z). te^Pfi, ^vv^EltlHl 20 

1 1 o>mmt3j:zf^*-7&. mmmmm&Ti 
[0038] (nnvfcm 2 ) &mwv>m 2 ©jus©?** 

ffi*H2fcJ:DI&g!-r*. El 2 te#5gBJl©Sg 2 ©HJE© 

3nfc7fe$WirjH4. v-Jv^l^-Hyr-fA* (SM 30 
F) (DUT2 8 \ZMl&lsfz-&mM\zlffi&? 2 2 CCD 

So 

[0 0 3 9] H2tC}3HT, W^2 0 v ^MStlH 

jff«HF2 l*;J;tffi^»i[Ej#r*&^2 2t±t)«l(8Snfc 

*g-&®#fte^% 2 8tty>m-K7 7< AfCiDflf 
^$n, Jt*«BS**jsS-r*4:t"bttt^ig»r* ; F 2 0 
£f&*i&A*iE37, 2 7tt37 2 8£«JiWiRfcRtt5 40 

h (ttff) Ts&aKT&D, in&ateEHfrl&^O 
3728i, ^77K2 7t, 2 3 £ tC £ 9 

it 2 6tt)tSiJ»^JCASt3tlit7t2 5 ^flt'&lHlWft^ 
f. 7'7-y>flxM!elffi&T2 1 JWlHljffft^ 2 2 £ 

tt. 37 2 8izmi$[src&mm®iiT&¥2 2£-*f©7 
9yifKmmm^2 l&monto (0 2 *t«;£;&7j so 



%fffl¥- 11-326666 

ft) fr£>&A,fzffil$.*t-:£)o. tet>W*#iM&mm 
©Jg^IsHffte^ 2 O^Jg^LXI/^o 7"7?yE»|BlSf 
t5f 2 1 ©te^®te->>;7\iHE:- H77-f A*co^$ft (A 
M%2 SCDAtt^fatm— T*&3) .C#UTitTft5 

[0 0 4 0] *£ttW&flglCffi«3fciMffl*?®ff;fi3MB 

7 7-fA , tLTIl 1 iimmz. EE7J15 0 

kg/cm' <D;MJ*K:2jIMtt«LJfc*»©*fllV»*. 

*. fiH»l@Sr»f2 2«^«-7A57, ^y^RWia 
ffifeT2 1 BfiiT^j'SfflHT. I+->Yl/- ir*}t£ 
BUfrSo ftJ^Btfrte^ 2 2 ©VX^telll&T&^igj&t 
3 7©7ttttC*fbT4 5° t&SJcSK-T-S. fltofr. 7* 
7 -7 ifRK&imfcT 2 l©VX^ttlslSft& ; ?®^3 7CD 
7t*S|IC^LT9 0" t^Si^m. S^^E^tS^- 
2 2©^i(J4 7 5 fimTS5. 2 ZMDZf^-y if KM® 
#T*&^F2 1 ©J^HO. 5 4 Mm-e;fc-5„ SJlJWEItfrte 
?22. •75<yirRttEim#¥2 10*f*tttt.l;3 
mmfSS. ffl-&[e]#Tte^2 0 O^IRWff «fcSfcoT 
tt. S-rft"^tCffl3mmC9j^fficTX^*S:^, ^©Sll 

\zw&^^*7&m\ / ^2^<D~7=7y>fm.mwti\&=f-2 i 

^^J5£-rs= L*5ftBPB3mmO^'J >7 h£S^4 
5' >7>KX^-X^TX^{CJ;0S 
^WmSrt&^P 2 2 I^^l/- *fft©R8S* 
S«> Z?7v7Kf8®ffife=F2 1. ft^MHSf^ 2 2 

jft«-tn-?n*a©«#. 7^ -7 ysitigsf*^ 2 1 cos 

St^9 0 %. ^«^(HlSflS^2 2fc«k«)8ii»**«2 
0 L/C. ££tC. fiJUJBimSTl*^ 2© 

fl£fi£SB7>©^ 5 -7 H 2 7 © SIM ©¥Rttg|$ h 

[0 0 4 1] H3I4. . £©ateig8r» : ?2 OCO^ttS^ 

•T0t$.So ajsn. yeaifci. 5 6 umx-n- 

tt. *n«fflCCDA^7T««U 7-f>7"U77-f 
^^ISftftW^-r*. 133 (a) ttftStTt 2 6 CDjgjg 

x^i7 h;p$r^Tia-e*o, m3 (to ttTtttfcsa^:' 

MrtcoMS*7tCDfg[fij#tt^^-rEi-e$.S. *S^cof«#4® 

no??»tsaft:^risiTttstAy£iS[itsn&v>. H3 

(a) *>Stt»3tOtr-i' i l i tt«tt. 1. 5 6 0(j m> 
lnm-ea5S„ H3 (b) *»6»fttt*»±^:i4: 

dtfc^S.' gS»3im*fTt& J ?2 2©*S : fg«3mmi:St,i 
©T, •fi:fflS^^«($S J ?>^Tfet3SfeM ; &-H©Kfi 

*a©Q«-rfe:t>'S^5y^jES#|gSf» ; f2 lOSItf 
t^oTW. ftjfWlsIi : iT*&^2 2. Zt^viffctt® 



13 



( 8 ) 



11-326666 



#T&^2 1 (D&?-B:i$J:ZfimM\$, £ oy&i ©fit \Z Wife £ 

[0 0 4 2] *$«fi®jgflgo. ftAJUIel&rtt? 
2 2 0HJW, -y^yifRMmm^ z F-2 1 ®MHtt£4>W 

— ^j**Lfct)©-c»o, ctifcpi^sri&fc©-?: 
[0043] (mrncDmm 3 ) *»ia«>jg 3 ©niiffi©« 

^SrEI4T|ffi?q-r-S). 0 4tt*%W©^3©SUfi©Jg!g 
^S?S&i:LT->>^;i/ ; &— K77"f/^f^TH 
£©"«k3fctt^l3Wte^4 OiWWrars. *^3©|^ 

*>©-?&£,„ d©«-&(c«. mtiLw-ffipq-emm&oytm 

[0 0 4 4] H4tC*3^T, W^4 0if77ytfR&t® 

m#?4 i*«fctxft»jaiHi»ft& : ?4 2»cj;b#ij«snfc 

4 0 I^AItTlltlt&tl^tt l-CMfc5*iS8&, 4 9 teJLsBft 

©Tfrs&ss. 4 4 tt*t-&iE]#TteT4 0 1» 2 <Dytmm&. 
4 9 <h*tt»irrs*s£»T*D, imstt-s-ESr^ 4" 30 

0i, |g 1 ©7fc9£i£SS, 48t. I20MM49 
<t. |g*«4 4ifcJ:D3tefHW*^£«j*l,TV»*. * 

AcTt 1 5 *<tt^lHlST»^ 4 0 ©&#TEItff ffffl WT 
*««3@^f* : T : 4 2ttS«rt©|Sl-©^«{C^M^^$ 

ft-ctt^EST*;? 4 0 s«j«bTv»a. 

[0 0 4 5] *HSE©^fC^^^JP^©^i?^JlH 
tt&©3II9T&&. T53&&&±\ZX/1y#mmmW\Z.£ 40 
OGeSrh'-yLfcS i 0 2 5«tL, ff*150kg 

jB2©*«[i&4 9s»ri&-rs. fcKtt, ra«©/^— 

fiSTS. ff§2©*i£?g4 9©|gl©i»ifcSg4 8tO^ 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To actualize large- 
capacity ultra-high speed information transmission by a 
multiplexing system and to miniaturize the optical 
control element for the transmission by integration. 
SOLUTION: As the optical control element, a 
composite diffraction grating 1 is used which has both a 
Bragg reflecting diffraction grating 1 1 for giving narrow- 1C 
band wavelength selectivity to the optical control 
element and a long- cycle diffraction grating 12 
inclination at about 45° to an axis of wavelength 
propagation for performing efficient radiation mode 
conversion and obtaining emitted light with high 
radiation directivity. The functions of both the Bragg 
reflecting diffraction grating and long-cycle diffraction 
grating 12 completely overlap to efficiently obtain 
emission spectral diffusion with narrow-band 
wavelength selectivity and light directivity. The 
composite diffraction grating 1 has a Bragg reflecting 
chirp diffraction grating 1 1 and an about 45° - 

inclination long-cycle diffraction grating 12 placed over the other at the same place as the 
optical waveguide and Bragg reflecting diffraction gratings 1 1 are arranged as reflecting mirrors 
at both the ends of the 45° -inclination long-cycle diffraction grating 12 to constitute a 
resonator structure. 
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* NOTICES * 



JPO and NCI PI are not r^^Visible for any 

damages caused by the us^Tf this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The optical controlling element characterized by having the compound diffraction 
grating constituted from a Bragg reflection diffraction grating and a long period diffraction 
grating by the optical waveguide of this ** in order to carry out conversion control of the light 
which spreads optical waveguide at radiation mode. 

[Claim 2] The optical controlling element characterized by having at least one or more 
structures where multiplex formation of the Bragg reflection diffraction grating of a compound 
diffraction grating and the long period diffraction grating was carried out to the same field, in an 
optical controlling element according to claim 1. 

[Claim 3] The optical controlling element characterized by the period of the Bragg reflection 
diffraction grating of this ** by which multiplex formation of the long period diffraction grating 
was carried out to the same field carrying out the chirp in an optical controlling element 
according to claim 2. 

[Claim 4] The optical controlling element characterized by about 45 degrees of lattice planes of 
a long period diffraction grating inclining to the optical axis of the optical waveguide concerned 
in an optical controlling element according to claim 1 to 3. 

[Claim 5] The optical controlling element to which the lattice plane of a Bragg reflection 
diffraction grating is characterized by the perpendicular thing to the optical axis of the optical 
waveguide concerned in an optical controlling element according to claim 1 to 4. 
[Claim 6] The optical controlling element to which a part of component concerned is 
characterized by being the structure of having a Bragg reflection diffraction grating to the both 
ends of the long period diffraction grating of this ** at least in an optical controlling element 
according to claim 1 to 5. 

[Claim 7] The optical controlling element characterized by having the compound diffraction 
grating of the resonator structure which consists of a long period diffraction grating and a Bragg 
reflection diffraction grating of the pair whose long period diffraction grating of this was pinched 
from the cross direction in an optical controlling element according to claim 6. 
[Claim 8] A Bragg reflection diffraction grating and a long period diffraction grating are an 
optical controlling element which is formed [ in / on an optical controlling element according to 
claim 6 and / incore ] in a cross direction by turns, and is characterized by both ends having 
the compound diffraction grating of two or more resonator structures which are arranged and 
change so that it may finish by the Bragg reflection diffraction grating. 

[Claim 9] The optical controlling element which consists of the bond part which connects the 
1st optical waveguide which was able to prepare the Bragg reflection diffraction grating, the 
compound diffraction grating constituted by the long period diffraction grating, and the 
compound diffraction grating, the 2nd optical waveguide prepared in the direction of a right 
angle by extending to the 1st optical waveguide of the above, and a compound diffraction 
grating and the 2nd optical waveguide. 

[Claim 10] The phase which uses a phase mask for the part with said same core, irradiates a 
laser beam, and carries out multiplex formation of the Bragg reflection diffraction grating while 
using a metal mask for the part of the core of a single mode fiber, irradiating a laser beam and 
forming a long period diffraction grating, In the phase which consists of the phase which carries 
out the coat of the semicircle pillar section of the front face of the clad of a diffraction-grating 
formation part by the metal membrane, and carries out multiplex formation of said long period 
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diffraction grating and Bragg reflection diffraction grating While setting up the mask of a long 
period diffraction gratia«o that a diffraction-grating side may become about 45 degrees to the 
optical axis of a core.^^nask of a Bragg reflection diffraction ^^fcg It is the manufacture 
approach of the optical controlling element characterized by con^ffing as the conditions from 
which it is made for a diffraction-grating side to become about 90 degrees to the optical axis of 
a core, and the radiation loss according [ the reflection factor of a Bragg reflection diffraction 
grating ] to a -100% and long period diffraction grating becomes about 30% when the dose of a 
laser beam is independent respectively. 

[Claim 11] While using a metal mask for the part of the core of a single mode fiber, irradiating a 
laser beam and forming a long period diffraction grating The phase which uses a phase mask for 
the part of part [ in which said long period diffraction grating of said core was formed ] order 
both sides, irradiates a laser beam, and forms a Bragg reflection diffraction grating, In the phase 
which consists of the phase which carries out the coat (covering) of the semicircle pillar 
section of the front face of the clad of a diffraction-grating formation part by the metal 
membrane, and forms said long period diffraction grating and Bragg reflection diffraction grating 
While setting up the mask of a long period diffraction grating so that a diffraction-grating side 
may become about 45 degrees to the optical axis of a core, the mask of a Bragg reflection 
diffraction grating In the phase where a diffraction lattice plane forms said long period 
diffraction grating and Bragg reflection diffraction grating by making it become about 90 degrees 
to the optical axis of a core Put the electric shielding mask of 3mm of **** on the core of the 
core part of a fiber first, use a phase mask for the both sides, and two Bragg reflection 
diffraction gratings are formed. While putting a slit with an aperture width of about 3mm on a 
part for a core and forming a long period diffraction grating in after an appropriate time with a 
metal mask, the exposure of a laser beam The manufacture approach of the optical controlling 
element characterized by the reflection factor of a Bragg reflection diffraction grating 
considering as the conditions from which the radiation loss by the long period diffraction grating 
becomes about 20% about 90% when respectively independent. 

[Claim 12] The manufacture approach of the optical controlling element according to claim 1 1 
characterized by irradiating a laser beam using Rhine and the tooth-space metal mask which 
put the slit whose aperture width is about 3mm on a part for the core of the core of a single 
mode fiber in the formation phase of a long period diffraction grating, and inclined about 45 
degrees. 

[Claim 13] An opening mask is used to the phase which deposits Si02 which doped germanium 
with sputter deposition equipment on a quartz substrate, the phase which carries out 
predetermined period neglect of said quartz substrate into the hydrogen of a predetermined 
pressure, and said quartz substrate. By etching The phase which forms the 1 st waveguide and 
2nd waveguide, and the phase which forms a bond part in a part for the intersection of the 1st 
waveguide and the 2nd waveguide, the phase which uses a phase mask for the part with said 
same core, irradiates a laser beam, and carries out multiplex formation of the Bragg reflection 
diffraction grating while using a metal mask for a part for the intersection of the 1st waveguide 
and the 2nd waveguide, irradiating a laser beam and forming a long period diffraction grating — 
since — the manufacture approach of the optical controlling element which changes. 
[Claim 14] A bond part is the manufacture approach of the optical controlling element according 
to claim 13 characterized by being formed in the taper structure where a dimension changes 
from width of face equal to the grid length of the diffraction grating formed later to the width of 
face of waveguide. 

[Claim 15] The 1st waveguide and 2nd waveguide are the manufacture approach of the optical 
controlling element according to claim 13 characterized by irradiating a laser beam and being 
formed instead of etching. 

[Claim 16] While using a metal mask for the part of the core of a single mode fiber, irradiating a 
laser beam and forming a long period diffraction grating By repeating by turns the actuation 
which uses a phase mask for the part by the side of the next door of the part in which said long 
period diffraction grating of said core was formed, irradiates a laser beam, and forms a Bragg 
reflection diffraction grating, and making both ends finish by the Bragg reflection diffraction 
grating The phase which forms the compound diffraction grating which two or more forms where 
the long period diffraction grating of the Bragg reflection diffraction grating of a pair was 
substantially pinched from the cross direction were made to follow, In the phase which consists 
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of the phase which carries out the coat (covering) of the semicircle pillar section of the front 
face of the clad of a dj||ttction-grating formation part by the metal membrane, and forms said 



degrees to the optical axis of a core, the mask of a Bragg reflection diffraction grating The 
manufacture approach of the optical controlling element characterized by forming a diffraction 
grating, making it a diffraction lattice plane become about 90 degrees to the optical axis of a 
core, and carrying out the seal of approval of the predetermined tension to a fiber in a Bragg 
reflection diffraction-grating formation phase. 

[Claim 17] The manufacture approach of the optical controlling element according to claim 16 
which is characterized by forming a diffraction grating, facing applying the tension of beginning 
predetermined weight to the fiber which is a substrate, forming the 1st Bragg reflection 
diffraction grating, and forming the Bragg reflection diffraction grating after the 2nd, and 
reducing sequential fixed weight [ every ] seal-of-approval tension in a Bragg reflection 
diffraction-grating formation phase in carrying out formation processing of two or more Bragg 
reflection diffraction gratings. 

[Claim 18] In carrying out formation processing of two or more Bragg reflection diffraction 
gratings in a Bragg reflection diffraction-grating formation phase It faces applying the tension of 
beginning predetermined weight to the fiber which is a substrate, forming the 1st Bragg 
reflection diffraction grating, and forming the Bragg reflection diffraction grating after the 2nd. 
The manufacture approach of the optical controlling element according to claim 16 
characterized by forming a diffraction grating without reducing sequential fixed weight [ every ] 
seal-of-approval tension, facing forming the last Bragg reflection diffraction grating and applying 
tension. 



[Translation done.] 
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* NOTICES * 



^^onsible for any ^^fc 



JPO and NCI PI are not 

damages caused by the use of this translation 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the optical controlling element widely used for 

fields, such as optical communication and optical information processing. 

[0002] 

[Description of the Prior Art] as the example of representation of the conventional technique 
which carries out conversion control of the light which spreads optical waveguide to radiation 
mode — Optics Letters Vol 21p336 (1996) — there is reference. Drawing 6 shows the 
dependency ( drawing 6 (a)) of the radiation mode peak over the period of the long period 
diffraction grating quoted from Fig.1 in the reference concerned, and Fig.2, and the property 
( drawing 6 (b)) of change of a transmission loss spectrum over the formation time amount 
(namely, irradiation time of excimer laser light) of a long period diffraction grating. Two or more 
radiation modes exist to the period of a specific diffraction grating so that clearly also from 
drawing 6 (a), a diffraction grating — a part of transmitted light — since it changes into 
radiation mode, corresponding to a radiation mode peak, a loss peak appears in a transparency 
spectrum, while the refractive index of a core changes with formation of a diffraction grating, in 
order to depend for the peak of each radiation mode on the refractive-index difference of a 
core and a clad — progress of formation of a diffraction grating — every moment — changing - 
"~ drawing 6 (b) — like — not only the loss peak of a transparency spectrum but spectral band 
width — although — it changes. The device of functions which have a transmission loss like in 
a specific wavelength region, such as a gain flattening filter of an optical amplifier, is producible 
by selecting the period of a diffraction grating to a precision and controlling the formation 
condition also by such conventional technique strictly. 
[0003] 

[Problem(s) to be Solved by the Invention] However, in order to set up strictly both the loss 
peak wavelength of the transmitted light, and the amount of loss so that it may be presumed 
also from spectrum change of drawing 6 with the above-mentioned conventional technique, 
strict control of the precision of the period of a diffraction grating and formation conditions is 
needed, and the stability of formation conditions poses a problem, and it is very difficulty. 
[0004] Moreover, although spectral band width becomes narrow so that the spectrum of 
drawing may show, the irradiation time, i.e., the diffraction-grating formation time amount, of a 
laser beam, it is difficult to control and produce to 1nm or less. If diffraction-grating length is 
lengthened, it is possible to narrow a noted field, but although based also on the purpose, die 
length of 10cm or more is not realistic. Furthermore, it also poses a problem that the light 
changed into radiation mode spreads the inside of a clad. As mentioned above, when using a 
loss function, it is not important, but when taking out synchrotron orbital radiation from 
waveguide and using it, the directivity and the spectral band width of synchrotron orbital 
radiation become important. For example, in order to carry out the spectrum of the light which 
spreads waveguide like wave-length multiple telecommunication to each wavelength component, 
to take it out for it and to use it for it, it is necessary to take out a specific wavelength 
component with narrow spectral band width with sufficient directivity according to a multiplicity, 
and becomes absolutely indispensable conditions. Therefore, in order to use the synchrotron 
orbital radiation by the radiation mode conversion from waveguide in this way, by the approach 
by the conventional technique, it is completely impossible and will not become possible without 
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the means by this invention. 

[0005] As mentioned atj^fe in the propagation light-emission mod^^ansformation by the long 
period diffraction gratingMrthe conventional technique, the contr<^^Pity over wavelength 
selection is inadequate, there is no directivity, and use of synchrotron orbital radiation has the 
technical problem that it is completely impossible. 

[0006] This invention was made in view of this conventional fault, and the purpose is realizing 
the miniaturization by accumulation of implementation of the mass ultra high-speed information 
transmission by multiplex system, and the optical controlling element for it. 
[0007] 

[Means for Solving the Problem] The means of this invention for solving the above technical 
problems is as follows. First, the principle which the light which spreads a fiber by the long 
period diffraction grating formed in the core of the fiber by the conventional technique is 
emitted on specific wavelength, and loses is as follows. 

[0008] Although the light which spreads the inside of a fiber to stability is in core mode, clad 
mode exists apart from this and it is emitted out of a propagation **** fiber at stability. Here, 
when periodic refractive-index change is given to a core and the period lambda satisfies the 
phase matching conditions between the propagation constants (betaco, betacl (n)) in each 
following mode, i.e., :beta co-beta cll(n) =2 pi/lambda, the light which had spread core mode 
shifts to the n-th clad mode. The light which shifted to clad mode is emitted without already 
continuing spreading the inside of a fiber for a long time, and serves as radiation mode. For the 
propagation constant beta of the light of wavelength lambda, when the effective refractive index 
neff is used, since it is beta=2pineff/lambda, the above-mentioned phase matching conditions 
are nco-ncl(p) = lambda/lambda (p) to the p-th clad mode. 
It becomes. 

[0009] Drawing 6 shown above is the periodic dependency of a long period diffraction grating of 
the peak wavelength of the radiation mode for which it asked from this formula. Of course, 
since the amount of shift to clad mode increases depending on the refractive-index variation of 
a core, the propagation loss by radiation mode increases in connection with the irradiation time 
of a laser beam. Moreover, since an effective refractive index changes by the refractive-index 
variation of a core as shown in an upper type, peak wavelength also changes with the irradiation 
time of a laser beam. If irradiation time of a laser beam is made [ many ] here, radiant quantities 
will increase more, spectral band width will become to some extent narrow at coincidence, but 
the means for receiving the directivity of the synchrotron orbital radiation which is another 
technical problem is as follows at the same time it is inadequate and solves this technical 
problem, since narrower spectral band width is needed when using synchrotron orbital radiation. 

[0010] It is an approach using the compound diffraction grating of the structure of having long 
period ********** of 45-degree inclination to the waveguide propagation shaft for obtaining 
the synchrotron orbital radiation which carries out radiation mode conversion efficiently with 
the Bragg reflection diffraction grating for giving the wavelength selection nature of a narrow- 
band, and has high radiation directivity. The means by this invention offers the concrete 
structure of this compound diffraction grating, in order to obtain the synchrotron orbital 
radiation which the function of both such a Bragg reflection diffraction grating and the long 
period diffraction grating of 45-degree inclination piles up completely, is put together, and has 
the wavelength selection nature of a narrow-band, and optical directivity efficiently. The 
structure of a compound diffraction grating is resonator structure which has arranged the Bragg 
reflection diffraction grating as a reflecting mirror to the both ends of the long period diffraction 
grating of 45-degree inclination, as drawing 1 of the gestalt of the below-mentioned operation 
shows. The synchrotron orbital radiation which has the wavelength selection nature of a 
narrow-band and directivity how by such compound diffraction grating can be obtained 
efficiently, and it explains whether the technical problem of the conventional technique is 
solved. First, although it can say theoretically that vertical good directivity is obtained to the 
waveguide propagation direction by 45 degrees inclining a long period diffraction grating to a 
waveguide propagation shaft, this is checked also from observation of the synchrotron orbital 
radiation of the diffraction grating made as an experiment. 

[001 1] Moreover, when the grid length is short, while spectral band width is wide and the radiant 
quantities in a peak decrease in conversion to that of the radiation mode by the long period 
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diffraction grating, a wavelength dependency can be disregarded in the fixed wavelength region 
near a peak. Therefof^fckthe short long period diffraction gratine^^such grid length is formed 
in a resonator, in res^Pst wavelength, conversion to radiation rfl^Bwill be amplified by the 
resonance effectiveness, and about 100% of radiation will' be attained. However, if the 
predetermined Bragg reflection diffraction grating of the reflecting mirror of a resonator is used, 
the synchrotron orbital radiation of the wavelength of a narrow-band will be obtained very 
efficiently. If a Bragg reflection diffraction grating is also independent and grid length is short, a 
reflectance spectrum will become large, but when this constitutes a resonator, i.e., a Fabry- 
Perot resonator, spectral band width of synchrotron orbital radiation can be narrowed in 
spectral band width, i.e., this case, from the need of satisfying the resonance effectiveness, i.e., 
the conditions of phase matching. 

[0012] Furthermore, it is changed into the light which carries out the spectrum of the light 
which spreads waveguide according to each wavelength component, carries out distributed 
separation spatially, and advances in the direction perpendicular to waveguide by the 
configuration which arranges to a serial that from which radiation peak wavelength differs such 
a compound diffraction grating, respectively in the propagation direction of plurality and two or 
more waveguides as drawing 2 of the gestalt of operation shows, moreover, the direction where 
the synchrotron orbital radiation by the long period diffraction grating of 45-degree inclination in 
the above-mentioned example is perpendicular to waveguide — method ** of two — since 
reinforcement is halved theoretically on the other hand for a certain reason, as shown in 
drawing 3 of the gestalt of operation, the use effectiveness of one synchrotron orbital radiation 
is 2-double-improved by preparing one of the two a reflecting mirror. 

[0013] As mentioned above, possible [ of taking out as synchrotron orbital radiation which 
carried out the spectrum of the light which spreads the impossible waveguide with the 
conventional technique about the radiation mode conversion by the long period diffraction 
grating, and was spatially distributed by the compound diffraction grating by this invention ] is 
carried out, and as the gestalt of operation shows, high-performance-izing of Max in wavelength 
multiplex optical telecommunications, a demux and an ad, and a drop optical circuit and a 
deployment of a femtosecond light pulse are attained. 
[0014] 

[Embodiment of the Invention] In order that invention of this invention according to claim 1 may 
carry out conversion control of the light which spreads optical waveguide for an optical 
controlling element at radiation mode, it is made to have the compound diffraction grating 
constituted from a Bragg reflection diffraction grating and a long period diffraction grating by 
the optical waveguide of this **, and it has an operation of realizing the miniaturization by 
accumulation of implementation of the mass ultra high-speed information transmission by 
multiplex system, and the optical controlling element for it. 

[0015] Invention of this invention according to claim 2 has an operation of making it have at 
least one or more structures where multiplex formation of the Bragg reflection diffraction 
grating of a compound diffraction grating and the long period diffraction grating was carried out 
to the same field, and the function of both a Bragg reflection diffraction grating and the long 
period diffraction grating of 45 - degree inclination piling up completely, being put together, and 
having the wavelength selection nature of a narrow-band, and optical directivity efficiently, in an 
optical controlling element according to claim 1. 

[0016] the location from which the period of the Bragg reflection diffraction grating of this ** 
by which multiplex formation was carried out was made to carry out the chirp of the invention 
of this invention according to claim 3 to the field where a long period diffraction grating is the 
same in the optical controlling element according to claim 2, and the reflection by it is spatially 
different in the direction of an optical axis with each wavelength — reflecting — this compound 
diffraction grating 1 — the propagation light of a fiber — a spectrum — it has an operation that 
it can distribute. 

[0017] In an optical controlling element according to claim 1 to 3, the lattice plane of a long 
period diffraction grating makes about 45 degrees of invention of this invention according to 
claim 4 incline to the optical axis of the optical waveguide concerned, and it has an operation 
that vertical good directivity is obtained to the waveguide propagation direction. 
[0018] In an optical controlling element according to claim 1 to 4, the lattice plane of a Bragg 
reflection diffraction grating makes perpendicular invention of this invention according to claim 
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5 to the optical axis of the optical waveguide concerned. 

[0019] Invention of this^^ntion according to claim 6 has the opet^ton of conversion in an 
optical controlling elemSRSccording to claim 1 to 5 in the light to^^Rh it is made for a part of 
component concerned to have a Bragg reflection diffraction grating to the both ends of the long 
period diffraction grating of this **, it carries out the spectrum of the light which spreads 
waveguide according to each wavelength component, carries out distributed separation spatially, 
and advances in the direction perpendicular to waveguide at least. 

[0020] Invention of this invention according to claim 7 has the operation of conversion in an 
optical controlling element according to claim 6 in the light which it is made to have the 
compound diffraction grating of the resonator structure which consists of a long period 
diffraction grating and a Bragg reflection diffraction grating of the pair whose long period 
diffraction grating of this was pinched from the cross direction, carries out the spectrum of the 
light which spreads waveguide according to each wavelength component, carries out distributed 
separation spatially, and advances in the direction perpendicular to waveguide. 
[0021] It is made to have the compound diffraction grating of two or more resonator structures 
where it is arranged and a Bragg reflection diffraction grating and a long period diffraction 
grating change so that both ends may be finished by the Bragg reflection diffraction grating by 
being formed [ in / in invention of this invention according to claim 8 / incore ] in a cross 
direction by turns, in an optical controlling element according to claim 6. 

[0022] Invention of this invention according to claim 9 consists of bond parts which connect the 
1st optical waveguide which was able to prepare the compound diffraction grating constituted 
by the Bragg reflection diffraction grating and the long period diffraction grating in the optical 
controlling element, and the compound diffraction grating, the 2nd optical waveguide prepared in 
the direction of a right angle by extending to the 1st optical waveguide of the above, and a 
compound diffraction grating and the 2nd optical waveguide. 

[0023] While invention of this invention according to claim 10 uses a metal mask for the part of 
the core of a single mode fiber for an optical controlling element, irradiates a laser beam and 
forms a long period diffraction grating The phase which uses a phase mask for the part with 
said same core, irradiates a laser beam, and carries out multiplex formation of the Bragg 
reflection diffraction grating, In the phase which consists of the phase which carries out the 
coat of the semicircle pillar section of the front face of the clad of a diffraction-grating 
formation part by the metal membrane, and carries out multiplex formation of said long period 
diffraction grating and Bragg reflection diffraction grating While setting up the mask of a long 
period diffraction grating so that a diffraction-grating side may become about 45 degrees to the 
optical axis of a core, the mask of a Bragg reflection diffraction grating It is made for a 
diffraction-grating side to become about 90 degrees to the optical axis of a core. Moreover, the 
exposure of a laser beam When respectively independent, the reflection factor of a Bragg 
reflection diffraction grating -100%, It considers as the conditions from which the radiation loss 
by the long period diffraction grating becomes about 30%, and has an operation of manufacturing 
simply and quickly the optical controlling element which realizes the implementation and the 
miniaturization of a mass ultra high-speed information transmission by multiplex system. 
[0024] While invention of this invention according to claim 1 1 uses a metal mask for the part of 
the core of a single mode fiber, irradiates a laser beam and forms a long period diffraction 
grating The phase which uses a phase mask for the part of part [ in which said long period 
diffraction grating of said core was formed ] order both sides, irradiates a laser beam, and forms 
a Bragg reflection diffraction grating, In the phase which consists of the phase which carries out 
the coat (covering) of the semicircle pillar section of the front face of the clad of a diffraction- 
grating formation part by the metal membrane, and forms said long period diffraction grating and 
Bragg reflection diffraction grating While setting up the mask of a long period diffraction grating 
so that a diffraction-grating side may become about 45 degrees to the optical axis of a core, 
the mask of a Bragg reflection diffraction grating In the phase where a diffraction lattice plane 
forms said long period diffraction grating and Bragg reflection diffraction grating by making it 
become about 90 degrees to the optical axis of a core Put the electric shielding mask of 3mm 
of **** on the core of the core part of a fiber first, use a phase mask for the both sides, and 
two Bragg reflection diffraction gratings are formed. While putting a slit with an aperture width 
of about 3mm on a part for a core and forming a long period diffraction grating in after an 
appropriate time with a metal mask, the exposure of a laser beam When respectively 
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independent, the reflection factor of a Bragg reflection diffraction grating considers as the 
conditions from which^^ radiation loss by the long period diffrac^n grating becomes about 
20% about 90%. InventWIRf this invention according to claim 12 manufacture approach 

[0025] of an optical controlling element according to claim 1 1 . It i^flike and sets, and the slit 
whose aperture width is about 3mm is put on a part for the core of the core of a single mode 
fiber, and it is made to irradiate a laser beam in the formation phase of a long period diffraction 
grating using Rhine and the tooth-space metal mask which inclined about 45 degrees. 
[0026] The phase where invention of this invention according to claim 13 deposits Si02 which 
doped germanium with sputter deposition equipment on a quartz substrate, An opening mask is 
used to the phase which carries out predetermined period neglect of said quartz substrate into 
the hydrogen of a predetermined pressure, and said quartz substrate. By etching The phase 
which forms the 1st waveguide and 2nd waveguide, and the phase which forms a bond part in a 
part for the intersection of the 1st waveguide and the 2nd waveguide, the phase which uses a 
phase mask for the part with said same core, irradiates a laser beam, and carries out multiplex 
formation of the Bragg reflection diffraction grating while using a metal mask for a part for the 
intersection of the 1st waveguide and the 2nd waveguide, irradiating a laser beam and forming a 
long period diffraction grating — since — it constitutes. 

[0027] In the manufacture approach of an optical controlling element according to claim 13, as 
for invention of this invention according to claim 14, a dimension is formed in the taper 
structure of changing, from width of face with a bond part equal to the grid length of the 
diffraction grating formed later to the width of face of waveguide. 

[0028] Invention of this invention according to claim 15 irradiates a laser beam to the 1st 
waveguide and 2nd waveguide instead of etching in the manufacture approach of an optical 
controlling element according to claim 13, and it is made to be formed. 

[0029] While invention of this invention according to claim 16 uses a metal mask for the part of 
the core of a single mode fiber, irradiates a laser beam and forms a long period diffraction 
grating By repeating by turns the actuation which uses a phase mask for the part by the side of 
the next door of the part in which said long period diffraction grating of said core was formed, 
irradiates a laser beam, and forms a Bragg reflection diffraction grating, and making both ends 
finish by the Bragg reflection diffraction grating The phase which forms the compound 
diffraction grating which two or more forms where the long period diffraction grating of the 
Bragg reflection diffraction grating of a pair was substantially pinched from the cross direction 
were made to follow, In the phase which consists of the phase which carries out the coat 
(covering) of the semicircle pillar section of the front face of the clad of a diffraction-grating 
formation part by the metal membrane, and forms said long period diffraction grating and Bragg 
reflection diffraction grating While setting up the mask of a long period diffraction grating so 
that a diffraction-grating side may become about 45 degrees to the optical axis of a core, the 
mask of a Bragg reflection diffraction grating It is made for a diffraction lattice plane to become 
about 90 degrees to the optical axis of a core, and a diffraction grating is formed in a Bragg 
reflection diffraction-grating formation phase, carrying out the seal of approval of the 
predetermined tension to a fiber. 

[0030] Invention of this invention according to claim 17 is set to the manufacture approach of 
an optical controlling element according to claim 16. In a Bragg reflection diffraction-grating 
formation phase In carrying out formation processing of two or more Bragg reflection diffraction 
gratings, apply the tension of beginning predetermined weight to the fiber which is a substrate, 
and the 1st Bragg reflection diffraction grating is formed. It faces forming the Bragg reflection 
diffraction grating after the 2nd, and a diffraction grating is formed, reducing sequential fixed 
weight [ every ] seal-of-approval tension. 

[0031] Invention of this invention according to claim 18 in the manufacture approach Bragg 
reflection diffraction-grating formation phase of an optical controlling element according to 
claim 16 In carrying out formation processing of two or more Bragg reflection diffraction 
gratings, apply the tension of beginning predetermined weight to the fiber which is a substrate, 
and the 1st Bragg reflection diffraction grating is formed. It faces forming the Bragg reflection 
diffraction grating after the 2nd, sequential fixed weight [ every ] seal-of-approval tension is 
reduced, and it faces forming the last Bragg reflection diffraction grating, and a diffraction 
grating is formed without applying tension. 

[0032] Hereafter, it explains to a detail with reference to the drawing of attachment of the 
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gestalt of operation of this invention. 

[0033] (Gestalt 1 of oq^Uon) Drawing 1 explains the gestalt of oi^ation of the 1 st of this 
invention. Drawing 1 is^Fschematic diagram showing the optica^^W:rolling element by the 
gestalt of operation of the 1st of this invention. The optical controlling element shown in this 
drawing is characterized by having the compound diffraction grating 1 of the structure by which 
multiplex formation was carried out in core 18 part of a single mode fiber (SMF) to the field 
where the Bragg reflection diffraction grating 1 1 and the long period diffraction grating 12 are 
the same. 

[0034] The compound diffraction grating from which the sign 1 was constituted by the Bragg 
reflection diffraction grating 11 and the long period diffraction grating 12 in drawin g 1 , The core 
which incorporated the compound diffraction grating 1 while 18 was constituted by the single 
mode fiber and forming optical waveguide, The clad by which 17 was prepared in a core 18 and 
laminating relation, and 13 are metal membranes which carry out the coat (covering) of the 
hemihedry of the front face of a clad 17, and constitute the optical controlling element by these 
compound diffraction grating 1, the core 18, the clad 17, and the metal membrane 13. Moreover, 
in drawing 1 , a sign 15 shows the incident light irradiated towards an optical controlling 
element, and 16 shows the synchrotron orbital radiation by which the light 15 by which 
incidence was carried out to the optical controlling element was generated in response to the 
diffraction operation in the part of the compound diffraction grating 1. Multiplex formation is 
carried out to the same field in a core 18, and the Bragg reflection diffraction grating 1 1 and the 
long period diffraction grating 12 constitute the compound diffraction grating 1. Although the 
lattice plane of the Bragg reflection diffraction grating 11 is perpendicular to a single mode fiber 
optical axis (it is the same as that of the direction of incidence of incident light 15), 45 degrees 
of lattice planes of the long period diffraction grating 12 incline to the optical axis of a single 
mode fiber. 

[0035] The production procedure of the optical controlling element concerning the gestalt of 
this operation is as follows. As a single mode fiber which forms a diffraction grating, it is the 
pressure of 150kg/cm2. What was left for two weeks is used into hydrogen. Next, in order to 
carry out the refractive-index modulation of the part of a core 1 8 with a predetermined period, 
in the long period diffraction grating 12, a metal mask and the Bragg reflection diffraction 
grating 1 1 irradiate excimer laser light using a phase mask. It was made, as for the mask of the 
long period diffraction grating 12, for a diffraction-grating side to become 45 degrees to the 
optical axis of a core. On the other hand, it was made, as for the mask of the Bragg reflection 
diffraction grating 1 1, for a diffraction-grating side to become 90 degrees to the optical axis of 
a core. The period of the mask for the long period diffraction gratings 12 uses that to which the 
period of 475 micrometers and the mask for the Bragg reflection diffraction gratings 1 1 is 
changed by ratio [ of Inm/mm ] deltalambda focusing on 0 or 54 micrometers. A mask is 
exchanged and excimer laser light is irradiated in the same location. All use a 3mm aperture slit. 
Therefore, both grid length is 3mm. When respectively independent, the reflection factor of the 
Bragg reflection diffraction grating 1 1 makes the dose of excimer laser light the conditions from 
which the radiation loss by the long period diffraction grating 12 becomes 30% -100% (it is the 
semantics that it is almost close to 100%). The coat (covering) of the semicircle pillar section of 
the front face of the clad 1 7 of a diffraction-grating formation part is carried out by the metal 
membrane 13. 

[0036] Thus, the radiation property of the produced compound diffraction grating 1 is as follows. 
Since the Bragg reflection diffraction grating 1 1 is a chirp diffraction grating, the reflection by it 
is reflected in the location which is spatially different in the direction of an optical axis with 
each wavelength. On the other hand, by the long period diffraction grating 12, the light of the 
clad mode wavelength which can take it, periodic lambdaLP, and phase matching is changed into 
radiation mode, and is emitted as synchrotron orbital radiation 16. Therefore, it interferes the 
wavelength period of 0.7nm of delta lambda-lambda LP, and the radiation light-emission location 
of specific wavelength also becomes periodic spatially in the direction of an optical axis. When 
incidence is carried out to this compound diffraction grating 1 by making light of different 
wavelength into incident light 15, it is observed with the CCD camera for infrared radiation that 
the radiation location of synchrotron orbital radiation 16 changes. Moreover, since 45 degrees 
of long period diffraction gratings 12 are made to incline and the coat of the hemihedry of the 
front face of a clad 17 has been further carried out by the metal membrane 13, the directivity 
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of radiation is as good as **10 degrees, as mentioned above, this compound diffraction grating 
1 — the propagation ligl^fcf a fiber — a spectrum — it is checked^at it can distribute. 
[0037] what structure pHRieters, such as a period of the period grid length of the 

gestalt of this operation and the Bragg reflection diffraction grating^n and the amount of 
chirps, and the long period diffraction grating 12, and diffraction-grating production conditions, 
such as the amount of laser radiation, are examples, and is limited to this — it is not — a 
spectrum — it is setting up suitably and carrying out with bandwidth or target spatial resolving 
power, and it is clear that this invention becomes effective. 

[0038] (Gestalt 2 of operation) Drawing 2 explains the gestalt of operation of the 2nd of this 
invention. Drawing 2 is the schematic diagram showing the optical controlling element by the 
gestalt of operation of the 2nd of this invention. The optical controlling element shown in this 
drawing is characterized by having the so-called compound diffraction grating 20 of the 
resonator structure which consists of a long period diffraction grating 22 formed in the core 28 
of a single mode fiber (SMF), and a Bragg reflection diffraction grating 21 of the pair whose long 
period diffraction grating 22 of this was pinched from the cross direction. 

[0039] The compound diffraction grating from which the sign 20 was constituted by the Bragg 
reflection diffraction grating 21 and the long period diffraction grating 22 in drawing 2 , The core 
which incorporated the compound diffraction grating 20 while 28 was constituted by the single 
mode fiber and forming optical waveguide, The clad by which 27 was prepared in a core 28 and 
laminating relation, and 23 are metal membranes which carry out the coat (covering) of the 
hemihedry of the front face of a clad 27, and constitute the optical controlling element by these 
compound diffraction grating 20, the core 28, the clad 27, and the metal membrane 23. 
Moreover, in drawing 2 , a sign 25 shows the incident light irradiated towards an optical 
controlling element, and 26 shows the synchrotron orbital radiation by which the light 25 by 
which incidence was carried out to the optical controlling element was generated in response to 
the diffraction operation in the part of the compound diffraction grating 20. The Bragg reflection 
diffraction grating 21 and the long period diffraction grating 22 have taken the configuration 
which pinched the long period diffraction grating 22 of the Bragg reflection diffraction grating 21 
of a pair formed in the core 28 from the cross direction (the inside of drawing 2 longitudinal 
direction), and form the so-called compound diffraction grating 20 of resonator structure. 
Although the lattice plane of the Bragg reflection diffraction grating 21 is perpendicular to the 
optical axis (it is the same as that of the direction of incidence of incident light 25) of a single 
mode fiber, 45 degrees of lattice planes of the long period diffraction grating 22 incline to the 
optical axis of a single mode fiber. 

[0040] The production procedure of the optical controlling element concerning the gestalt of 
this operation is as follows. As a single mode fiber which forms a diffraction grating, it is the 
pressure of 150kg/cm2 like the gestalt 1 of operation. What was left for two weeks is used into 
hydrogen. Next, in order to carry out the refractive-index modulation of the part of a core 1 8 
with a predetermined period, in the long period diffraction grating 22, a metal mask and the 
Bragg reflection diffraction grating 21 irradiate excimer laser light using a phase mask. It is 
made, as for the mask of the long period diffraction grating 22, for a diffraction-grating side to 
become 45 degrees to the optical axis of a core. On the other hand, it is made, as for the mask 
of the Bragg reflection diffraction grating 21, for a diffraction-grating side to become 90 
degrees to the optical axis of a core. The period of the long period diffraction grating 22 is 475 
micrometers. The period of two Bragg reflection diffraction gratings 21 is 0.54 micrometers. 
Both the grid length of the long period diffraction grating 22 and the Bragg reflection diffraction 
grating 21 is 3mm. In actual production of the compound diffraction grating 20, an electric 
shielding mask with a width of face of 3mm is first put on a core, a phase mask is used for the 
both sides, and two Bragg reflection diffraction gratings 21 are formed. The long period 
diffraction grating 22 is formed with Rhine and the tooth-space metal mask which placed the 
slit with an aperture width of 3mm after an appropriate time, and inclined 45 degrees. When the 
Bragg reflection diffraction grating 21 and the long period diffraction grating 22 were 
independent respectively, the reflection factor of the Bragg reflection diffraction grating 21 
made the dose of excimer laser light the conditions from which the transmission loss by the 
long period diffraction grating 22 becomes 20% 90%. Furthermore, the metal coat of the 
semicircle pillar section of the front face of the clad 27 of the formation part of the long period 
diffraction grating 22 is carried out. 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



05/02/08 



8/11 ^— V 



[0041] Drawing 3 is drawing showing the property of this compound diffraction grating 20. 
Measurement uses 1 .5*fcnicrometer super luminescent diode (SLQlfor the light source. 
Synchrotron orbital r^pon 26 is observed with the CCD cameA- infrared radiation, and 
measures reinforcement from a line profile. Drawing 3 (a) is drawi^^howing the transparency 
spectrum of synchrotron orbital radiation 26, and drawing 3 (b) is drawing showing the 
directional characteristics of the synchrotron orbital radiation within a field perpendicular to an 
optical axis. From the direction of the intersection of a field including the normal and optical 
axis of an inclined plane of a grid, and a field perpendicular to an optical axis, synchrotron 
orbital radiation reinforcement declines and it hardly emanates in a direction perpendicular to 
this intersection as it shifts. The peak-mesial-magnitude width of face of drawing 3 (a) to 
synchrotron orbital radiation is 1.560 micrometers and 1nm. Moreover, drawing 3 (b) shows that 
directivity is good. Since the grid length of the long period diffraction grating 22 is as short as 
3mm, phase matching conditions are loose, and since the wavelength selection width of face of 
radiation mode is broadcloth, the wavelength of synchrotron orbital radiation 26 is decided by 
the Bragg reflection diffraction grating 21. Moreover, half-value width was decided by the Q 
value of a resonator, i.e., the reflection factor of the Bragg reflection diffraction grating 21. The 
grid length and period of the long period diffraction grating 22 and the Bragg reflection 
diffraction grating 21 of it not being what is limited to the value of this example are obvious, and 
especially the period of the Bragg reflection diffraction grating 21 is important when choosing 
the wavelength taken out from a fiber to the exterior as synchrotron orbital radiation. 
[0042] what structure parameters, such as grid length of the gestalt of this operation, a period 
of the long period diffraction grating 22, and a period of the Bragg reflection diffraction grating 
21, and diffraction-grating production conditions, such as the amount of laser radiation, show an 
example, and is limited to this — it is not — a spectrum — it is setting up suitably and carrying 
out with bandwidth or target spatial resolving power, and it is clear that this invention becomes 
effective. 

[0043] (Gestalt 3 of operation) Drawing 4 explains the gestalt of operation of the 3rd of this 
invention. Drawing 4 is the schematic diagram showing the optical controlling element by the 
gestalt of operation of the 3rd of this invention. With the gestalt 1 of operation, although the 
single mode fiber is used as optical waveguide, even if it uses the optical waveguide on the flat- 
surface substrate of a quartz system, such a compound diffraction grating 40 is producible 
similarly. The optical controlling element concerning the gestalt of operation of **** 3 is carried 
out in this way, and is created. In this case, since it emanates with perpendicularly sufficient 
directivity to the optical axis of waveguide in a substrate flat surface, the light of predetermined 
wavelength can be alternatively taken out by forming the second optical waveguide 49 in the 
location of the compound diffraction grating 40 at the 1st optical waveguide 48 and right angle. 
[0044] The compound diffraction grating from which the sign 40 was constituted by the Bragg 
reflection diffraction grating 41 and the long period diffraction grating 42 in drawing 4 , The 1st 
optical waveguide by which 48 was prepared towards the compound diffraction grating 40 in the 
substrate flat surface, The 2nd optical waveguide prepared by prolonging 49 in the direction of a 
right angle to the above-mentioned optical waveguide 48 and 44 are bond parts which connect 
the compound diffraction grating 40 and the 2nd optical waveguide 49. These compound 
diffraction grating 40, The 1st optical waveguide, 48, the 2nd optical waveguide 49, and a bond 
part 44 constitute the optical controlling element. Moreover, in drawing 4 , a sign 45 shows the 
incident light irradiated towards an optical controlling element, and 46 shows the synchrotron 
orbital radiation by which the light 1 5 by which incidence was carried out to the optical 
controlling element was generated in response to the diffraction operation in the part of the 
compound diffraction grating 40. Multiplex formation is carried out to the same field in a 
substrate, and the Bragg reflection diffraction grating 41 and the long period diffraction grating 
42 constitute the compound diffraction grating 40. 

[0045] The production procedure of the optical controlling element concerning the gestalt of 
this operation is as follows. Si02 which doped germanium with sputter deposition equipment is 
deposited on a quartz substrate, and it is the pressure of 1 50kg/cm2. It is left for two weeks in 
hydrogen. By etching, the 1st waveguide 48 and 2nd waveguide 49 are formed using a T 
character-like opening mask. Or excimer laser light is irradiated using the mass of the same 
pattern, and waveguide is formed. The bond part 44 with the 1st waveguide 48 of the 2nd 
waveguide 49 receives association, and in order to make synchrotron orbital radiation 46 spread 
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by low loss, it is taken as the taper structure of changing from width of face equal to the grid 
length of the compound^Bfraction grating 40 formed later as showfyn a Fig. to the width of 
face of the usual single ^Ble waveguide. After an appropriate tim^^B the gestalt 1 of the 
operation to an intersection, the Bragg reflection diffraction gratin^^n and the long period 
diffraction grating 42 are produced in piles in the same location, and the compound diffraction 
grating 40 is formed. 

[0046] In the compound diffraction grating 40 concerning the gestalt of this operation, since it 
has combined with the second optical waveguide 49 strongly according to the optical path 
which the bond part 44 has stuck to the 1 st waveguide 48, and does not have a refractive- 
index difference, it becomes possible to take out synchrotron orbital radiation 46 more 
efficiently and to take out light 43. 1.560 micrometers of peaks of the ejection light 43 of this 
component come out, there are, and half-value width is 1nm. Ejection effectiveness is 70% or 
more. 

[0047] (Gestalt 4 of operation) Drawin g 5 explains the gestalt of operation of the 4th of this 
invention. Drawing 5 is the schematic diagram showing the optical controlling element by the 
gestalt of operation of the 4th of this invention. Although one compound diffraction grating 20 
was formed in the single mode fiber and the light of predetermined wavelength was made to 
emit with the gestalt of the 2nd operation, in order [ which was explained previously ] to carry 
out the spectrum spectrum of the propagation light of a fiber and to distribute spatially for two 
or more wavelength components with the gestalt 4 of operation, the point which forms two or 
more compound diffraction gratings in the same single mode fiber is the description. 
[0048] Two or more compound diffraction gratings from which the sign 50 was constituted by 
two or more Bragg reflection diffraction grating 51 and two or more long period diffraction 
gratings 52 in drawing 5 , The core which 58 consisted of the single mode fiber and 
incorporated two or more above-mentioned compound diffraction gratings 50, The clad by 
which 57 was prepared in a core 58 and laminating relation, and 53 are metal membranes which 
carry out the coat (covering) of the hemihedry of the front face of a clad 57, and constitute the 
optical controlling element by these compound diffraction grating 50, the core 58, the clad 57, 
and the metal membrane 53. Moreover, the incident light by which a sign 55 is irradiated 
towards an optical controlling element in drawing 5 is shown, and 56 is an optical controlling 
element. ** by which the light 55 by which incidence was carried out was generated in response 
to the diffraction operation in the part of the compound diffraction grating 50 **** is shown. It 
is formed by turns in a core 58 at a cross direction, and by arranging so that it may finish by 
the Bragg reflection diffraction grating 51, both ends have taken the configuration which two or 
more forms where the long period diffraction grating 52 of the Bragg reflection diffraction 
grating 51 of a pair was substantially pinched from the cross direction were made to follow, and, 
as for the Bragg reflection diffraction grating 51 and the long period diffraction grating 52, form 
two or more so-called compound diffraction gratings 50 of resonator structure. Although the 
lattice plane of the Bragg reflection diffraction grating 51 is perpendicular to the optical axis (it 
is the same as that of the direction of incidence of incident light 55) of a single mode fiber, 45 
degrees of lattice planes of the long period diffraction grating 52 incline to the optical axis of a 
single mode fiber. 

[0049] If the compound diffraction grating 50 of the gestalt of this operation is stated to a 
detail, as shown in drawin g 5 , as for the structure of this compound diffraction grating 50, grid 
length will repeat continuously six pieces and five 45-degree inclination length period diffraction 
gratings 52 for the Bragg reflection diffraction grating (1mm and 2mm) 51, respectively. The 
overall length of the compound diffraction grating 50 is 16mm. However, the reflective peak 
wavelength of a Bragg reflection diffraction grating is shifted at intervals of 1nm, half-value 
width is 1nm, and a peak reflection factor is 30 - 50%. Although 1nm of reflective peaks of the 
Bragg reflection diffraction grating 51 before and after having pinched the long period diffraction 
grating 52 has shifted, since half-value width is 1nm, they are the reflection factor of the one 
half of a peak on the middle wavelength both. Therefore, since the resonator in this middle 
wavelength is constituted, each serves as a compound diffraction grating which has a radiation 
function in wavelength selection like the gestalt 1 of operation. Of course, not the Bragg 
reflection diffraction grating of a different reflective peak in this way as a reflecting mirror of a 
resonator but the thing of the same reflective peak wavelength may be used. In this case, Bragg 
reflection diffraction gratings 51 other than both ends are two from which 1nm of peak 
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wavelength of 1 mm of grid length shifted, and are constituted. The overall length of a compound 
diffraction grating is s^fe 20mm with such a configuration. 

[0050] The productior^Wcedure of the optical controlling eleme^^kncerning the gestalt of 
this operation is as follows. As a single mode fiber which forms a extraction grating, it is the 
pressure of 150kg/cm2 like the gestalt 1 of operation. What was left for two weeks is used into 
hydrogen. Next, in order to carry out the refractive-index modulation of the part of a core 18 
with a predetermined period, in the long period diffraction grating 52, a metal mask and the 
Bragg reflection diffraction grating 51 irradiate excimer laser light using a phase mask. It was 
made, as for the mask of the long period diffraction grating 1 2, for a diffraction-grating side to 
become 45 degrees to the optical axis of a core. On the other hand, it was made, as for the 
mask of the Bragg reflection diffraction grating 1 1, for a diffraction-grating side to become 90 
degrees to the optical axis of a core. 

[0051] In order to form the Bragg reflection diffraction grating 51 of 1nm spacing, a phase mask 
with the uniform period of 1.560 micrometers is used. In order to change wavelength, the seal of 
approval of the predetermined tension is carried out to the fiber which is a substrate, and a 
diffraction grating is formed. If the seal of approval of the tension is carried out beforehand and 
a diffraction grating is formed, in the busy condition which does not carry out the seal of 
approval of the tension, BURRAGU wavelength will become short, since change of the 
wavelength by tension is -80g pile/nm — 400g a pile of tension of the beginning — adding — 
one by one — 80g pile — every — seal-of-approval tension is reduced, the last 6th is forming 
without applying tension, and the diffraction grating whose reflective peak wavelength is 1.555- 
1 .560 micrometers is formed. Moreover, in order to set grid length to 1 mm, a slit with an 
aperture width of 1mm is used. Since grid length is very short, even if it uses a phase mask with 
a uniform period, a with a half-value width [ of 1nm ] diffraction grating can be formed. 
[0052] The formation approach of 45-degree inclination length period diffraction grating 52 is 
almost the same as the gestalt 1 of operation. That is, although the long period diffraction 
grating 12 irradiates excimer laser light using a metal mask, it is made, as for the mask of the 
long period diffraction grating 12, for a diffraction-grating side to become 45 degrees to the 
optical axis of a core at this time, as mentioned above. In order to concentrate the direction of 
a radiation light emission on one side like the gestalt 1 of operation after an appropriate time, 
the coat of the semicircle pillar section on the front face of a clad of a 16mm compound 
diffraction grating is carried out by the metal membrane 53. 

[0053] thus — if incidence of the femtosecond pulsed light is carried out as incident light 55 as 
the single mode fiber (SMF) which hits the input edge of the produced compound diffraction 
grating 50 is connected by the outgoing end and welding of for example, femtosecond fiber laser 
and it is shown in drawing 5 — the femtosecond light pulse of large spectral band width — 
efficient — a spectrum — it can distribute. Thus, the pulse train signal coded by the multiple 
signal is acquired by inputting the synchrotron orbital radiation 56 of each component scattered 
by the spectrum into the port of a phase or the wavelength which carries out intensity 
modulation, makes I/O reverse, uses the each and corresponds the completely same compound 
diffraction grating 50 as the former in it with each signal. Moreover, it is separable into the 
signal of each channel by carrying out fusion splicing to the transmission outgoing end of a 
wavelength multiplexing lightwave signal. Furthermore, by inputting into each output side of the 
optical controlling element by this compound diffraction grating 50 the lightwave signal whose 
wavelength suited to the resonant wavelength of each resonator as incident light 55, it is 
multiplexed and a multiple signal is acquired. Thus, an optical controlling element can be used 
for efficient Max for wavelength multiplex optical telecommunications, and a demux. 
[0054] the gestalt of this operation — the overall length of the compound diffraction grating 50 
— 16mm — comparatively — long — moreover, 1 nm spacing — the spectrum of five channels, 
although it is distribution Neither structure parameters, such as a period of grid length and the 
Bragg reflection diffraction grating 51 and a period of the long period diffraction grating 52, nor 
production conditions, such as the amount of laser radiation, are what is limited to the gestalt 
of this operation. By setting up a structure parameter and production conditions suitably, the 
formation of short component length, expansion of a part light pattern region, and increase of 
the number of channels are still more possible enough. Moreover, although the approach of 
carrying out the seal of approval of the tension to production of the Bragg reflection diffraction 
grating which shifted 1nm of wavelength was used, ** is producible similarly using the phase 
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n, the spectrum of an 



ultrashort pulse of the optical controlling element by the compounddiffraction grating based on 
this invention is efficient — a spectrum — optical coding of the a large number signal by 
distribution is realized. And efficient Max of wavelength multiplex optical telecommunications 
and a demux can be attained. Thereby, it carries out possible [ of the transmission of the large 
capacity of 1 or more Tbpses, and a ultra high-speed signal ]. 
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* NOTICES * 

JPO and NCIPI are not r^Wsible for any 

damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The schematic diagram showing the optical controlling element by the gestalt of 
operation of the 1 st of this invention 

[Drawing 2] The schematic diagram showing the optical controlling element by the gestalt of 
operation of the 2nd of this invention 

[Drawing 3] Drawing showing the property of the optical controlling element by the gestalt of 
operation of the 2nd of this invention 

[Drawing 4] The schematic diagram showing the optical controlling element by the gestalt of 
operation of the 3rd of this invention 

[Drawing 5] The schematic diagram showing the optical controlling element by the gestalt of 
operation of the 4th of this invention 

[Drawing 6] (a) Drawing explaining the dependence property of a radiation mode peak over the 
period of the long period diffraction grating of the optical controlling element which is the 
conventional example 

(b) Drawing explaining the property of change of a transmission loss spectrum over the 
formation time amount of the long period diffraction grating of the optical controlling element 
which is the conventional example 
[Description of Notations] 

10, 20, 40, 50 Compound diffraction grating 

1 1, 21, 41, 51 Bragg reflection diffraction grating 

12, 22, 42, 52 Long period diffraction grating 

13, 23, 53 Metal membrane 

15, 25, 45, 55 Incident light 

16, 26, 46, 56 Synchrotron orbital radiation 

17, 27, 57 Clad 

18, 28, 58 Core 

43 Ejection Light 

44 Bond Part 

48 1st Waveguide 

49 2nd Waveguide 
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* NOTICES * 

JPO and NCI PI are not rf|feisible for any 

damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DRAWINGS 
[Drawing 1 ] 
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[ Drawi ng 2] 




[Drawing 3] 
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[Drawing 4] 
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[Drawin g 5] 
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